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ABSTRACT
Energy crops offer substantial benefits to the energy-environmental sector along
with incentives for growth in the agricultural sector and regional economies. Their
contribution to the regional rural economy has been strengthened by the reduction of
stocks of conventional crops, the environmental pollution, and the need to strengthen
energy independence of countries that require the use of renewable energy sources
(RES). The present paper examines the positions and opinions landowners in the
prefecture of Evros towards their will to adopt energy crops. Primary data were collected
through a survey (structured questionnaire) to 400 owners of farms at the prefecture of
Evros. The results indicate that the majority of respondents agreed to adopt an energy
crop with important factors in this judgment the low production costs and greater
profitability.
INTRODUCTION
The use of renewable energy sources (RES) and the gradual independence from
fossil fuels comprises a key parameter in solving the energy problem and probably the
only way that enables the European Union (EU) to meet its ambitious target to limit the
pollutant carbon dioxide (Koutelidakis 2010). As the EU moves towards the goals of
renewable energies and biofuels in 2020 (20% energy consumption from renewable
sources and at least 10% of transport fuels), thus increasing the use of biomass, a policy
framework is becoming necessary that encourages sustainable development of the
bioenergy sector (Van Dam et al 2008). The introduction of new crops that address the
emerging energy market can be an important factor, both to develop new perspective for
agriculture and a new solution to the global energy problem. The advantages of these new
crops include large returns, low demand on irrigation and nutrients, environmental
friendliness etc. Moreover, they are promoted by the EU and a special arrangement has
been made in order to be grown in set-aside land. However, the economic viability of
energy crops is still considered uncertain under the present market conditions, despite the
significant growth of agricultural technology. Yet, it is evident the need to replace the
traditional crops due to the decline in agricultural income caused by the fall in prices and
subsidies and the high input costs along with the environmental degradation due to
monoculture and high environmental outputs.
This paper aims to examine the perceptions of landowners for the adoption of
energy crops in Greece. The innovative behavior of farmers is a matter of academic
interest, because the willingness of farmers to adopt new technologies or new crops is an
important determinant for the success of a new agricultural policy (Willock et al 1999).
Besides that, understanding the farmer's response to policy changes have major
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consequences for sectors other than agriculture, such as the viability of rural areas. The
remainder of the paper is oulined as follows: the next section presents the theoretical
background relating to energy crops and the factors affecting their adoption by farmers.
Then, the research methodology and the results are described and the last section
summarizes the main conclusions.
THEORETICAL BACKGROUND
The farmer is considered as the biggest polluter and destroyer of the natural
environment, as the industrial pollution is clearly identified and associated with the
production process (Gardner 1996). Conversely, pollution from agricultural production has
a diffuse character, since in rural areas farms are many, usually small, scattered and
heterogeneous. The new Common Agricultual Policy (CAP) offers new opportunities in
agriculture for the production of alternative crops, while at the same time, farmers are
given the opportunity to develop business operations in the area of biofuel production,
founding, for example, one biodiesel plant and ensuring priority remission by domestic
cultivation of raw materials. Nevertheless, supporting energy crops may have negative
consequences on the environment (Alliance Environment, 2007), as they have largely
developed at the expense of the corresponding food crops, and crop substitution
phenomena have observed (notably, replacement of cereals by rapeseed). The technical
agricultural practices for energy crops do not differ from those for food crops, and hence,
the consequences of the crop are the same. However, the expansion is accompanied by
the gradual development of the intensive cultivation of rape and to a lesser extent maize,
which have a more negative impact on the environment than the winter cereals which
replace them.
Taking into consideration the increased academic interest on the future role of
production of energy crops, it is very interesting to identify the factors affecting the
intention of landowners to adopt these crops. Because these crops are "relatively" new to
Greek agriculture, limited knowledge of past experiences can be used to assist identifying
the key factors that will influence the adoption by farmers. The neoclassical economic
theory states that "individuals seek for profit maximization" and many studies have applied
this reasoning in the farmer’s  decision making process. Perloff (1991), Ryan and Gross
(1943) and Hennessy (2002), considered the "relative efficiency" as an explanatory
variable in the process of adoption in agriculture. The literature shows that current profit
levels of farms have a significant positive influence on the willingness of farmers to adopt
new agricultural practices. Other features involve the farm size (Hennessy 2002, Rogers
1995, Ryan & Gross 1943, Rogers & Pitzer 1960), the production system (Austin et al
1998, Rosenqvist et al 2000 ), the required reliability level (Diederen et al 2003), and the
communication with the available staff who will assist the farm expansion (Boahene et al
1999, Rogers & Pitzer 1960).
Moreover, demographic characteristics such as age (Tatlidil 1989, Brander & Kearl
1964, Rogers 1995) and educational level (Rogers 1995, Ryan & Gross 1943, Rogers &
Pitzer 1960), were positively related to "adoption". The farmer’s age is negatively
associated with adoption, and particularly on the willingness to adopt the technology or
innovations (Norris & Batie 1987). However, Jensen et al (2007) have shown that age is
not an important factor in the adoption judgment. As for the level of education, it is
assumed that famr operators with the highest level agricultural education are more willing
to consider or adopt the cultivation of energy crops. There are many examples in the
literature showing that a higher level of education has a positive effect on adoption (Norris
& Batie 1987, Nkonya et al 1997, Jensen et al 2007). Furthermore, the farm size has a
positive impact on the adoption process along with the reliability level and the
communication with staff available to assist the expansion of the farm. Austin et al (1999)
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and Rosenqvist et al (2000) found that farmers were more likely to directly adopt the
production of energy crops based on their previous experience of farming systems.
The impact of off-farm income on the adoption of alternative crops are analyzed in
many studies (Jensen et al 2007, Adesina 1996, Norris & Batie 1987, Fernandez-Cornejo
et al 2005). Jensen et al (2007) found that non-agricultural income has no effect on the
adoption of an innovative practice, while Norris and Batie (1987) found that non-
agricultural income has a statistically significant negative impact on the adoption of an
innovative practice. Fernandez-Cornejo et al (2005) argue that the non-agricultural income
have a significant positive influence on the adoption of an innovative practice, whereas
Jensen et al (2007) hypothesized that an increase in agricultural income would have a
positive impact on the adoption of a new cultivation, but the increase of farm income per
hectare will have negative effects due to increased opportunity costs of converting land to
an energy crop (sorghum).
MATERIAL AND METHOD
The research methodology was based on the collection and analysis of primary data
derived from a structured questionnaire, which was filled in during in-depth personal
interviews with landowners in the prefecture of Evros. The questionnaire included a total of
46 questions, mainly closed-ended or pre-defined answers, and it was divided into four
categories that involved: socio-demographic characteristics of landowners, structural
characteristics and problems of farms, the relationship of the respondents with the new
CAP (views, features) and their entrepreneurial ability and their attitude towards the
cultivation of energy crops. The sampling frame totaled 20,000 landowners, out of which a
random sample of 400 people were selected that was distributed proportionally throughout
the area. The quantitative survey took place during November 2013 and February 2014.
The obtained data were analyzed through SPSS 17.0, applying the statistical procedures
of descriptive statistics, statistical hypothesis testing (X2) and the non-parametric Friedman
test.
RESULTS AND DISCUSSIONS
Sample profile
Respondents consisted of 61% men and 39% women with the majority (34.25%) being in
the age class of 46-55 years with significant percentage at the ages of 56-65 and 36-45
years old (27.75% and 23.75% respectively). 45.25% were secondary school graduates
(high school graduates (38.75%) and technical school graduates (6.5%), while a large
percentage have only finished primary school (29.75%). It is worth mentioning that the
graduates from higher education is only 1.25% of the sample. Regarding their professional
situation, the majority of landowners were farmers (74.75%), while only 2.5% were public
servants. 37.5% deals mainly with agriculture for over 20 years, while the 25.25% of
respondents are not farmers by main occupation. As regards the income of landowners,
23.25% reported a gross farm income as main income below 10,000 euros and the same
percentage of 11000-20000 euros, while a relative large percentage (18%) had a gross
farm income over 50,000 euros. 25.25% of the sample who are not farmers by main
occupation gave no main agricultural income. As regards the years employing in
agriculture as a secondary job, the results show that 9% of respondents involved
secondarily in agriculture more than 20 years, 6.5% for 6-10 years, 5% for 11-20 years
and 5% secondarily dealt with agriculture during the last five years. The 74.75% of the
sample are the main occupation farmers.
Adoption of energy crops
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As concerns the main production method or practice that is about to be changed in
the future, the landowners point out some interesting resutls illustrated in the following
table 1.
Table 1.
Landowners views (percentages) about what major method or technique cultivation
may change in the coming years
Large
decrea
se
Small
decrea
se
No
chang
e
Small
chan
ge
Big
chang
e
Investment in machinery 0% 0.3% 55.5% 40.3% 4.5%
Agreement to use the machine and
sharing machinery
0% 78.3% 15.3% 6.5%
Investment in farm buildings and
other infrastructure (roads, water,
electricity, drainage, irrigation,
fences, etc.)
0.3% 0% 71.3% 26.8% 1.8%
Irrigated area 0% 0% 63.5% 33.3% 3.3%
Privately owned land 0% 0% 45.3% 43.8% 11%
Rented area 0% 0.5% 64.5% 29.5% 5.5%
Use of fertilizers 2.8% 23.5% 65.3% 4% 4.5%
Use of agrochemicals 4% 21.5% 65.8% 4.3% 4.5%
Use of quality seeds 0.3% 1.5% 83.8% 11% 3.5%
The results show that the majority of respondents do not intend in the coming years
to make any significant changes regarding the method or production practices.
Furthermore, in smaller percentage, landowners will proceed to an increase (large and
small changes) in the future concerning the private area 54.8%, investments in machinery
(40.25%) in irrigated land 33%, in the rented area of 30%, investments in agricultural
buildings 26.8%, in machine use agreement and sharing machinery 15.3% and in the use
of quality seeds 11.5%. Finally, the respondents will make minor changes as regards the
use of agrochemicals (21.5%) and fertilizers (23.5%).
The next step of the methodology examined if there is a statistical difference
between the landowners views about the changes in methods or techniques of their crops
in the coming years. Therefore we applied the non-parametric Friedman's test, from which
it was revealed that the method or technique to be changed in the future is the privtate
land (obviously want to increase their private land) with mean score 6.34 (X2 = 704.688. P
= 0.00), followed by the investments in equipments with a mean score of 5.76 (Table 2).
Table 2
. Friedman test results for evaluating changes in production practices in the future
Changes in methods or production practices Mean
Rank
Friedman Test Statistics
Investment in machinery 5.79 N 400
Agreement to use the machine and sharing
machinery
4.94 Χ2 704.688
Investment in farm buildings and other
infrastructure (roads, water, electricity, drainage,
5.09 df 8
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irrigation, fences, etc.)
Irrigated area 5.46 Asymp. Sig. 0.000
Privately owned land 6.34
Rented area 5.42
Use of fertilizers 3.70
Use of agrochemicals 3.72
Use of quality seeds 4.55
Concerning the adoption and the reasons for possible adopting energy crops, the
79.50% of the landowners is positive about adopting an energy crop and only 20.5%
seems skeptical in this perspective. The main reasons why would adopt an energy crop
are shown in Table 3. Specifically, landowners perceive as importa in their decision to
adopt an energy crop the low production costs, the high profitability and the increased
production with an aggregated percentage of 79%. Moreover, important factors at high
rates, the increased demand for the product (78.8%), the best product price (78.3%), the
low use of fertilizers and agrochemicals (75.3% and 73.1% respectively). There were also
less important factors to consider as the non-environmental pollution (61%), the best
agricultural product (50.6%) and the higher subsidies (50%). Finally, far fewer landowners
consider as important factors for the installation of an energy crop the use of quality seeds
(47.6%), the professional challenge (41.8%) and their perceptions about life (37.6%).
Neutral factors for adopting an energy crop include the business challenge (23.8%), the
use of quality seeds (21%), higher subsidy (20,5%) the best agricultural product (11.3%)
and the non-environmental pollution (9.8%). Insignificant incentive (more or less) consider
at a much smaller percentage, the best agricultural product (16.8%), life attitude (15.6%),
the business challenge (14.1%), the use of quality seeds (11.1%), the highest subsidy
(9.1%) and the non-pollution of the environment (8.8%).
Table 3
Reasons for adopting an energy crop (percentages)
Very
insignificant Insignificant Neutral Significant
Very
Significant
High profitability 0.5% 0.5% 78.5%
Low production costs 0.5% 0.5% 78.5%
Increased product
demand
0.5% 0.3% 4.5% 74.3%
Best agricultural product 7.8% 9% 11.3% 25.8% 25.8%
No pollution of the
environment
2.5% 6.3% 9.8% 25% 36%
Breater production 0.3% 0.3% 4.8% 74.3%
Best Price for the Product 0.3% 1% 3% 75.3%
Less fertilizers 1.5% 2.8% 25.3% 50%
Less use of
agrochemicals
0.5% 2% 4% 26.3% 46.8%
Use of quality seeds 3.3% 7.8% 21% 25.8% 21.8%
Perceptions about life 6.8% 8.8% 26.5% 21.8% 15.8%
Business challenge 6.8% 7.3% 23.8% 21% 20.8%
Highest subsidy 5.3% 3.8% 20.5% 9.5% 40.5%
The next methodological step was to investigate if there were statistical differences
between the reasons for the adoption of an energy crop. Therefore, we applied to the non-
parametric Friedman's test that showed that the most important reasons for adopting an
energy crop is the high profitability and the low cost production with an average score 8.91
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(X2 = 1696.922, p = 0.00). Notably the next important reason is the best price for the
product with a mean score of 8.73 (Table 4).
Table 4
Friedman test for evaluating the important reasons for adopting an energy crop
Reasons for adopting an energy crop Mean Rank Friedman Test Statistics
High profitability 8.91 N 400
Low production costs 8.91 Χ2 1696.922
Increased product demand 8.65 df 12
Best agricultural product 5.34 Asymp. Sig. 0.000
No pollution of the environment 6.19
Greater production 8.67
Best price for the product 8.73
Less fertilizers 7.43
Less use of agrochemicals 7.21
Use of quality seeds 5.26
Perceptions about life 4.55
Business challenge 4.96
Highest subsidy 6.21
CONCLUSIONS
The main purpose of the study was to investigate the landowners perceptions
regarding the most important reasons for adopting an energy crop in the rpefecture of
Evros.  Landowners appear pessimistic about the future in agriculture and mostly hesitant
to adopt new crops and the proceed with major changes in methods or techniques in their
crops. Studying some factors influencing the adoption of innovations (new-new farming
techniques) points out that demographic characteristics such as age, education level, the
time employed in agriculture, the gross farm income and farm size have a positive
correlation with the landowners willingness to adopt innovative techniques or practices.
Landowners appear positive in their vast majority about the prospect of adopting an
energy crops (probably because of the EU policy that strengthens these crops) with
significant (almost equal) motives for this decision the low production costs and the high
profitability. Furthermore, it is clear from the from the results that the less use of fertilizers
and agrochemicals along with the environmental pollution burden considerably their
decision to adopt an energy crop, reflecting an awareness about protecting the
environment, but also due to the positive relationship of fertilizers and agrochemicals use
with increased production cost. It is worth metioning that the product support is considered
as an important incentive for the installation of an energy crop, but not importnant enough,
since 1/3 of the sample consider product subsidies as a neutral or insignificant factor.
Obviously, this indicates a shift of landowners from the strict logic of subsidiesas they
realize that profitability depends on lower production costs, increased production, better
product price increased demand and not only on product subsidies. Finally, the business
challenge and perceptions about life are not decisive factors for the decision to adopt an
energy crop, despite they are not accompanied by other profitability figures.Conclusively, a
number of factos were perceived as infuential in the landowner’s decision to adopt an
energy crop, which may be a key answer to issues related to the formulation of agricultural
policy. Policy makers should implement a coherent policy for the promotion of energy
crops, in order for Greece to achieve its national targets for bioenergy production set by
the EU.
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